Aims To de®ne the prevalence of dyslipidaemia in young diabetic patients in Peninsular Malaysia and the contributory factors of dyslipidaemia in these subjects.
Introduction
Dyslipidaemia in a subject with diabetes mellitus (DM) confers a high risk of coronary heart disease (CHD). In the Scandinavian Simvastatin Survival Study (4S Study), a post hoc analysis of 202 subjects with diabetes showed a 2.5-fold higher CHD risk in diabetic subjects than in the nondiabetic subjects [1] . The most common lipid abnormality in patients with DM is an elevation in total plasma triglycerides (mainly very-low-density lipoprotein (VLDL) triglycerides) and a reduction in high-density lipoprotein (HDL) cholesterol, but relatively similar low-density lipoprotein (LDL) cholesterol compared with non-diabetic individuals [2±7] .
Malaysia is a rapidly developing country with the population becoming more urbanized and adopting a more western lifestyle. This has probably resulted in the increase in the prevalence of DM in Malaysia from about 1±2% in the 1960s [8] , 3 .9% in 1984 [9] to between 4.5% and 10%, depending on the areas surveyed, in the 1990s [10, 11] . The Second National Mortality and Morbidity Study done recently showed that the prevalence of DM and ischaemic heart disease in Malaysia was rapidly increasing [12] and con®rmed other reports from Malaysia and Singapore [13, 14] . Malaysia is a multiethnic country with Malays, Chinese and Indians comprising 45%, 35% and 15% of the population, respectively. Recent studies have shown that these three ethnic groups may differ in the prevalence of DM and other cardiovascular risk factors such as obesity and dyslipidaemia [14, 15] . The mortality rate due to cardiovascular disease was highest amongst the Indians where it is 1.5±1.8 times greater than that of the Malays or the Chinese [16] . They also differ in their economic status with the Malays being traditional farmers, the Chinese being involved in business and the Indians mainly working in the rubber or oil palm plantations. There are also differences in socioeconomic status in different regions, with the poorest in the north-eastern state of Kelantan and the richest in the Klang Valley where there are two big teaching hospitals and many private hospitals.
The purpose of this study was to de®ne the prevalence of dyslipidaemia in young diabetic patients in Peninsular Malaysia and to determine the factors that contribute to it, including ethnicity and socioeconomic status.
Subjects and methods
Consecutive patients who attended the diabetic and medical out-patient clinics at various centres from June 1997 to June 1998 and ful®lled the entry criteria were invited to participate. All agreed and were representative of the population attending the hospitals. A total of 926 patients who had DM diagnosed before the age of 40 years were recruited from seven centres throughout Peninsular Malaysia. Of these, 848 patients had blood taken for lipid levels and are included in the analysis for this study. The three main ethnic groups in the country were well represented in the population studied, with the Malays making up 47.1% (399 patients), and the Chinese and Indians each making up 25.8% (219 patients) and 27.1% (230 patients). Each ethnic group is distinct and easily distinguished from their appearance, language and religion. Informed written consent was obtained from the patient or parents, prior to the study. The study protocol was approved by the Ethics Committees of the various centres. The patients selected were all diagnosed before the age of 40 years, i.e. younger age group, to ensure we selected those born after the Independence of the country in 1957 and exposed to better facilities and opportunities including health care and education.
The patients were asked to attend the various centres on a particular day after an overnight fast. Clinical history and physical examination were done speci®cally looking at the type of DM, mode of treatment, educational status, and household income. Based on the clinical features, the clinical type of DM was recorded for each patient. Type 1 DM was de®ned on the basis of acute symptoms associated with heavy ketonuria (> 3+) or ketoacidosis at diagnosis, or continuous treatment with insulin within 1 year of diagnosis [17] . Household income was expressed as total monthly family income divided by the number of persons in the family. Educational status was expressed as the highest level of formal education attained, i.e. primary, secondary or tertiary level education. Weight and height were measured with the subject in light clothing and without shoes and the body mass index (BMI) was calculated. Waist circumference was taken as the minimum circumference between the umbilicus and xiphoid process. Hip circumference was taken as the maximum circumference around the buttocks and symphysis pubis. The waist±hip ratio (WHR) was then calculated [18] . Blood samples were taken for HbA 1c , fasting glucose, total cholesterol, HDL-cholesterol, LDL-cholesterol and triglycerides. Blood samples were immediately processed and serum or plasma aliquots were stored frozen at ±60°C until assayed. All assays were done at one centre to avoid laboratory bias.
Serum cholesterol was measured by the enzymatic CHOD-PAP method (HUMAN GmbH, Germany), serum triglycerides using the GPO-PAP method (HUMAN GmbH, Taunusstein, Germany), while HDL-cholesterol was measured using the liquicolor test kit (HUMAN GmbH). LDL-cholesterol was calculated by the Friedewald equation [19] . This equation is not reliable when the triglycerides level is > 4.0 mmol/l and was not used when triglycerides were elevated to this extent. The interassay coef®cient of variation (CV) for serum triglycerides measurement at 1.3 mmol/l and 3.4 mmol/l was 2.2% and 3.85%, respectively, that for serum cholesterol at 3.5 mmol/l and 7.1 mmol/l was 1.6% and 1.5%, respectively. The interassay CV for HDL-cholesterol assay at 0.6 mmol/l and 1.9 mmol/l was 4.6% and 1.1%, respectively. Glycaemic control was assessed by HbA 1c calculated from the total glycosylated haemoglobin level determined using Abbott IMX (Abbott Laboratories, Abbott Park, IL, USA), where interassay CVs at 4.6%, 7.9% and 12.4% were 4.1%, 6.7% and 6.5%, respectively. Blood glucose was measured using a glucose oxidase method.
Data were analysed using the SPSS Statistical Software (version 10, SPSS Inc., Chicago, IL, USA). HbA 1c , fasting glucose, HDL-cholesterol and serum triglycerides were logarithmically transformed due to skewed distributions. Other variables such as total cholesterol, LDL-cholesterol, BMI, WHR, age and duration of DM were normally distributed. The primary analysis of the study used stepwise multiple linear regression analysis conducted on total cholesterol, LDLcholesterol, log e (HDL-cholesterol) log e (triglycerides). The model included main effects of factors such as centres, ethnic groups, gender, educational status, household income and mode of treatment in Type 2 DM, and covariates included log e HbA 1c , log e (fasting glucose), BMI, WHR, age, and duration of DM. The effect of centres was broken down to three main types of diabetes care facilities, namely access to diabetologist, dieticians or nurse educators to determine if these had independent signi®cant effects on the dependent variables (total cholesterol, LDL-cholesterol, log e (HDL-cholesterol) and log e (triglycerides)). Household income was entered into the model as a categorical variable to avoid the assumption of a linear relationship between household income and the dependent variables. Since the different centres vary in the cost of living, patients from each centre were categorized into four quartiles based on the household income of the patients recruited from that centre. These patients were classi®ed as Group 1, which comprised patients from the lowest quartile of household income to Group 4, which comprised the highest quartile of household income. One-way ANOVA was used to analyse differences between groups and group comparisons used Bonferroni's method. General linear model (univariate ANOVA) was used to look for interaction between signi®cant variables. Values were expressed as mean (T SD) or geometric mean (95% con®dence interval (CI)) where appropriate. P < 0.05 was taken to be signi®cant.
Results
The demographic and anthropometric data are shown in Tables 1 and 2 . Of the 848 patients, 269 (31.7%) were classi®ed as Type 1 DM while the rest were classi®ed as Type 2. There were 406 (47.9%) male patients and 442 (52.1%) female patients. Of Type 1 DM patients, 121 (45%) were male and 148 (55%) were female. In Type 2 DM patients, 285 (49%) were male and 294 (51%) were female.
According to the National Cholesterol Educational Program (NCEP) [20] , the desirable total cholesterol level is`5.2 mmol/l. The American Diabetes Association suggests that the optimal LDL-cholesterol level for adults with DM is`2.60 mmol/l, the optimal HDL-cholesterol level is b 1.15 mmol/l and the optimal triglycerides level is`2.30 mmol/l [21] . Compared with Type 1 patients, proportionately more with Type 2 diabetes had a serum total cholesterol b 5.2 mmol/l (Type 2: 73.6% vs. Type 1: 60.2%, P < 0.001), serum LDL-cholesterol b 2.60 mmol/l (Type 2: 90.9% vs. Type 1: 79.9%, P < 0.001), serum HDL-cholesterol 1.15 mmol/l (Type 1: 26.9% vs. Type 2: 52.6%, P < 0.0001), serum triglycerides b 2.30 mmol/l (Type 2: 27.3% vs. Type 1: 7.1%, P < 0.0001).
Lipid pro®les in Type 2 DM
There were signi®cant differences in the demographic features of the ethnic groups (see Table 1 ). The household income was highest in Chinese and lowest in Malays (P = 0.001). Similarly, there were signi®cant differences in the BMI (P = 0.003), with the highest BMI in Malay patients, when compared with Chinese (P < 0.02) and Indian patients (P < 0.03). However, there were no differences in WHR between the ethnic groups (P = 0.4). When the WHR was analysed separately for the different genders, there were signi®cant differences in WHR among male patients (P < 0.01) with the highest WHR in Indian patients, compared with Malay (P < 0.01) and Chinese patients (P < 0.05). There were no differences in WHR among the female patients. HbA 1c was also signi®cantly different between the ethnic groups, with the best control obtained in Chinese patients and the worst in Malay patients. The use of insulin was highest among the Chinese and lowest among Malays (P < 0.03).
In Type 2 DM, the variables with a signi®cant effect on total cholesterol were ethnicity (P < 0.001), age (P < 0.001) and log e HbA 1c (P < 0.001). No differences were observed between various centres, gender, educational status or household income. One-way ANOVA showed that total cholesterol was highest in Malay patients compared with Chinese (P < 0.01) or Indian patients (P < 0.001) (see Table 3 ). No interaction was observed between the independent variables tested (i.e. age, log e HbA 1c, and ethnicity).
The variables with signi®cant effects on LDL-cholesterol were ethnicity (P = 0.001), age (P < 0.001) and log e HbA 1c (P = 0.01). Malay patients had signi®cantly higher LDLcholesterol levels compared with their Chinese (P < 0.01) and Indian counterparts (P < 0.001) (see Table 3 ). Gender, educational status or household income had no signi®cant effect on LDL-cholesterol. Similarly (fasting glucose), BMI, WHR, and duration of disease had no signi®cant effect on LDL-cholesterol levels. No interaction was observed between the independent variables tested (i.e. age, log e HbA 1c, and ethnicity).
For HDL-cholesterol levels the variables with signi®cant effects were WHR (P = 0.001), BMI (P = 0.009), gender (P = 0.005) and ethnicity (P = 0.04) Centres, educational status, mode of treatment or household income had no signi®cant effect on HDL-cholesterol. The highest level was obtained in Chinese patients, compared with Malays (P < 0.01) or Indians (P < 0.001). The data for the different genders were then analysed separately. In males, the only variable with a signi®cant effect on HDLcholesterol was WHR (P = 0.04), while in female patients the variables with signi®cant effect on HDL-cholesterol were ethnicity (P = 0.01), WHR (P = 0.005) and BMI (P = 0.03). In males, although the Chinese had the highest HDL-cholesterol, compared with Malay (P < 0.01) or Indian patients (P < 0.001), the effect of ethnicity was not signi®cant when WHR was considered. In female subjects, the highest HDL was obtained in Chinese subjects, compared with Malays (P < 0.001) and Indians (P < 0.001).
The variables with signi®cant effects on log e triglycerides included WHR (P < 0.001) and log e HbA 1c (P < 0.001). There were no differences in serum triglycerides levels between the various centres, ethnic groups, genders or modes of treatment (see Table 3 ).
Lipid pro®les in Type 1 DM
The demographic features of the ethnic groups are shown in Table 2 . There was no signi®cant difference in household income among the various ethnic groups. Similarly, there were no signi®cant differences in the BMI. However, there were signi®cant differences in WHR between the ethnic groups, with the Indians having signi®cantly greater WHR compared with Chinese (P = 0.007). Although there were no differences in age and age at diagnosis, Chinese patients had DM for longer duration, while the Malays had a more recent onset (P = 0.009). HbA 1c was also signi®cantly different between the ethnic groups, with the best control obtained in Chinese patients and the worst in Malay and Indian patients (P < 0.001).
In Type 1 DM, the variables that had a signi®cant effect on total cholesterol were age (P < 0.001) and log e HbA 1c (P = 0.009). No differences in serum total cholesterol were observed between various centres, ethnic groups, genders, household income or educational status (see Table 4 ).
For LDL-cholesterol levels, the variables with a signi®cant effect were BMI (P = 0.02), log e HbA 1c (P = 0.005), age (P = 0.01) and ethnicity (P = 0.04). No interaction was observed between the variables tested. No differences in serum LDL-cholesterol were observed between various centres, genders, household incomes or educational status (see Table 4 ). The other covariates such as log e (fasting glucose), WHR, and duration of DM were not signi®cant predictors of serum LDL-cholesterol in Type 1 DM. For serum HDL levels, the variables with signi®cant effect were WHR (P = 0.03), BMI (P = 0.03) and ethnicity (P = 0.006). There were signi®cant ethnic differences in serum HDL-cholesterol levels, with the Chinese having the highest levels compared with Malays (P < 0.01) and Indians (P < 0.001) (see Table 4 ). In males, the variables with signi®cant effect were BMI (P < 0.001) and ethnicity (P = 0.005), while in females only WHR (P < 0.001) had a signi®cant effect. In males, the highest HDL-cholesterol was obtained in the Chinese, compared with Malays (P < 0.001) and Indians (P < 0.03).
Chinese patients had the lowest median serum triglycerides levels compared with Malays (P < 0.001) and Indians (P < 0.03) (see Table 4 ). The variables with signi®cant effects on log e triglycerides were WHR (P < 0.001), log e HbA 1c (P < 0.001) and ethnicity (P = 0.001). When the data were analysed separately for males and females, the signi®cant variables for males were WHR (P = < 0.001), log e HbA 1c (P = 0.001) and ethnicity (P = 0.007), while for females the signi®cant variables were log e HbA 1c (P = 0.002) and WHR (P = 0.02)
Discussion
The present study examined the lipid levels of 848 patients with DM at various hospitals and centres in peninsular Malaysia in 1997±1998. To obtain a clearer picture of the level of glycaemic control and lipid levels of diabetic patients, the study was carried out in various regions of the country with different ethnic mix and socioeconomic and educational status. The study is clinic-based, and not a population-based study, and patients were selected if they were diagnosed before the age of 40 years. Thus it may not be representative of the entire diabetic population in Malaysia as those who attend hospital are likely to have more severe diabetes and a greater prevalence of complications. Furthermore, the study was done in public hospitals where the great majority of patients were poor and not able to afford lipid-lowering therapy at the time of study. However, the recent Second National Mortality and Morbidity Study showed that 56% of the known diabetic population seek treatment at a government facility, and this proportion did not vary signi®cantly across ethnic groups [12] .
Our data show that the prevalence of dyslipidaemia among young diabetic patients in Peninsular Malaysia was high. More than two-thirds (69.3%) of the patients had total cholesterol b 5.2 mmol/l, the upper limit recommended by the NCEP [20] . Dyslipidaemia was worst in patients with Type 2 DM, where 73.6% of them had total cholesterol b 5.2 mmol/l. In these patients, 90.9% had serum LDL-cholesterol b 2.6 mmol/l, the level above which the ADA recommends initiation of medical nutrition therapy [21] . A similar prevalence was found among diabetic patients in the West [22] .
The mean LDL-cholesterol in Type 2 DM patients was 3.96 mmol/l, which is higher than ®gures published from a study in normal subjects from similar ethnic groups in neighbouring Singapore [14] . In addition, we showed a marked difference in the total cholesterol and LDLcholesterol levels between the ethnic groups, with the Malays having the highest mean total cholesterol of 6.19 mmol/l and the highest mean LDL-cholesterol of 4.16 mmol/l. A study in normal subjects from similar ethnic groups in neighbouring Singapore showed a similar higher serum total and LDL-cholesterol in Malays, compared with Chinese subjects [14] . The metabolic consequences of DM on LDL metabolism may depend on the extent to which both the production and catabolic processes are in¯uenced. Ethnicity may be one of the determinants that in¯uences this balance and this may relate to genetically determined differences. A possible explanation for these differences may be in apolipoprotein E (apoE) polymorphism, which contributes to the differences of lipoprotein concentrations at the population level [23] . It would be useful to determine the apoE genotype frequencies in the three ethnic groups in future studies. An additional or alternative explanation is dietary differences, since the Malay diet tends to be high in cholesterol and saturated fats such as eggs and coconut-based products.
In Type 2 DM patients, ethnicity was also a major factor in determining serum HDL-cholesterol levels. There was a signi®cant difference in the levels of HDL-cholesterol between the ethnic groups, with the highest in Chinese patients. A possible explanation is a difference in insulin sensitivity. A recent study using calculated insulin resistance from the HOMA model showed a signi®cant difference among the three ethnic groups in Singapore, with Chinese subjects having the lowest insulin resistance compared with the other ethnic groups [14] . In groups with normal glucose tolerance, impaired glucose tolerance and Type 2 DM, lower concentrations of HDL-cholesterol were found in those who were more insulin-resistant [24] . In support of this explanation is the observation that WHR was also an important determinant of HDL-cholesterol in our patients. WHR is an important determinant of insulin sensitivity in normal subjects [25] . However, when the data were analysed separately for male and female subjects, the effect of ethnicity was signi®cant only in the females.
Glycaemic control, as measured by HbA 1c , was a major determinant of total and LDL-cholesterol in both Type 1 and Type 2 DM patients. This con®rms other data [26±28]. This may in part explain the high levels of total and LDLcholesterol in Malay patients as they also have the poorest metabolic control [29] . The differences in metabolic control between the ethnic groups were not explained by differences in socioeconomic status [29] . It is possible that poor metabolic control and high lipid levels re¯ect the same underlying genetic defect in Malays. This observation warrants further study.
In those with Type 1 DM, the total and LDL-cholesterol levels were lower compared with Type 2 DM patients. Glycaemic control was a major determinant for levels of total and LDL-cholesterol and triglycerides in those with Type 1 diabetes, consistent with studies where intensive insulin therapy, such as in DCCT, improves lipid pro®le [30] . Ethnicity and WHR were signi®cant determinants of HDL-cholesterol and triglycerides levels. There were ethnic differences in the levels of HDL-cholesterol and triglycerides. Chinese patients had the highest HDLcholesterol and the lowest triglycerides levels. These differences may re¯ect variation in insulin resistance [14] . However, although female patients with Type 1 diabetes had higher HDL-cholesterol, the effect of gender disappeared when other factors were included in the analysis. In another study, HDL levels in males were similar to those in females [28] . It is possible that in Type 1 DM patients other factors such as raised hepatic lipase operate to counteract the bene®cial effects of gender on HDLcholesterol [31] .
In conclusion, the prevalence of dyslipidaemia was high especially in Type 2 DM patients. This group had high total LDL-cholesterol levels and high triglycerides levels, as well as low HDL levels. Ethnicity was a major determinant of total, LDL-and HDL-cholesterol in Type 2 DM and of LDL-and HDL-cholesterol and triglycerides in Type 1 DM. Malays had the highest LDL-cholesterol, lowest HDL-cholesterol and highest triglycerides. Chinese, however, had the highest HDL-cholesterol. Triglycerides levels were not dependent on ethnicity. Glycaemic control was an important determinant for dyslipidaemia in Type 1 DM and Type 2 DM. However, as this is a cross-sectional study, the direction of this relationship can only be assumed. Although there were signi®cant differences in socioeconomic factors, educational status, and access to adequate diabetes care facilities among the ethnic groups, these had no impact on dyslipidaemia.
